ABSTRACT: This study examined the relationship between birth weight and growth performance when suckling piglets were reared in litters standardized by birth weight. Forty-four gilts (Landrace × Large White) due to farrow during the same week were selected. Piglets born to those gilts were individually weighed at birth and cross-fostered to obtain litters with 11 piglets and standardized birth weight (CV, lower than 5%). Based on average birth weight, 4 litter weight classes were established: class 1 (> 1.10 kg to ≤ 1.33 kg), class 2 (> 1.34 kg to ≤ 1.46 kg), class 3 (> 1.47 kg to ≤ 1.57 kg), and class 4 (> 1.58 kg to ≤ 1.88 kg). At 21 d of age, piglets were weighed to determine BW and calculate ADG and weight gain relative to birth weight. A completely randomized experimental design was used with birth weight classes as treatments. At 21 d of age, the average BW of piglets from the heaviest birth weight class (5.67 kg) was greater (P < 0.05) than the lightest class (5.06 kg); however, all classes had the same ADG (P < 0.05). There was a positive correlation (r = 0.184; P < 0.01) between birth weight and weight at 21 d of age, but birth weight was not correlated (r = -0.040; P = 0.37) with ADG during the suckling phase. Therefore, piglet birth weight did not influence weight gain when piglets were reared by sows in litters with standardized birth weight.
INTRODUCTION
The productivity of a farrowing unit is determined by the average number of weaned piglets per sow per year. This is extremely important because it determines production costs and farm profitability. The number of piglets per sow per year can be improved by increasing the number of litters per sow per year or the number of piglets weaned per litter. To achieve this, genetic companies have heavily invested in the selection of hyper-prolific lines and obtained substantial advances in the number of total piglets born during recent decades (Beaulieu et al., 2010) . Between 2000 and 2010 in Brazil, the average number of piglets per litter born alive increased by 10%, from 10.70 to 11.77, and in some cases, up to 13 piglets per litter were obtained (Agroceres PIC/PigCHAMP, 2000 .
However, an increase in the total number of piglets born has had a negative influence on the average birth weight of the piglets. For instance, Quiniou et al. (2002) observed a 330 g reduction in average birth weight in litters of 17 total piglets (1.26 kg) relative to a litter with 9 piglets (1.59 kg). In addition to reduced average birth weight, large litters have wider birth weight ranges than smaller litters (Quiniou et al., 2002; Damgaard et al. 2003) . Quiniou et al. (2002) observed an increase in the number of piglets weighing less than 1.0 kg at birth from 7 to 23% when compared with litters with 9 and 17 piglets, respectively.
Weight variation within and between litters is a large concern in all-in, all-out management systems. Wolter and Ellis (2001) performed a study comparing light and heavy piglets (1.4 vs. 1.7 kg) from the same litter, using 20 litters with the same average birth weight and standardized to 10 piglets. The authors verified that the light piglets weighed 2.1 kg less than the heavy piglets at weaning, reducing ADG by 57 g. The objective of the present study was to evaluate the effect of birth weight on the growth performance of suckling piglets when initial litter weight was standardized.
MATERIAL AND METHODS
Data were obtained by weighing animals in a commercial farm. Routine management practices were not modified; therefore, the experimental procedures were not submitted for approval by the Animal Ethics Committee.
Housing, Animals, and Management
The experiment was carried out in a farrow-to-feeder commercial farm (Paraná, Southern Brazil) for 28 d during the fall of 2009 with the temperature ranging from 16 to 25°C. Forty-four gilts (Landrace × Large White) due to farrow during the same week were selected, and the time between the first and last gilt to farrow was less than 48 h. Gilts were not subjected to any physical (vaginal palpation) or chemical (hormones or drugs) interventions before or after farrowing.
Gilts were weighed immediately before being moved to the farrowing unit, approximately 5 d before the expected farrowing date to determine weight loss during lactation. Weight loss was calculated by the difference between gilt BW at the time of transfer to the farrowing unit, corrected for the sum of litter birth weight (total born) and placenta weight, and the BW after weaning, and weight loss was expressed as a percentage.
The farrowing house was conventionally built with masonry walls, open sides, and 12 rooms, each with the capacity to house 26 sows at a time. Gilts were housed in individual farrowing crates (2.2 × 1.6 m) with slatted plastic floors, a 5-kg capacity feeder, and a cup drinker. The room environment was controlled using side-curtain. The piglet creep area was heated using incandescent lamps.
Diet (3,330 kcal/kg DE, 21% CP, and 1.10% digestible Lys, as-fed) was manually supplied ad libitum 4 times daily. Feed intake was measured daily, discounting the leftover feed. Piglets were not supplied creep feed.
Installation of Treatments
At farrowing, both the number of piglets born alive and the individual piglet birth weights were recorded. Approximately 6 h after the placenta was expelled, piglets were cross-fostered to obtain standardized litter weights. All piglets from each sow were removed, weighed, and distributed into 44 litters with 11 piglets each, with birth weight CV below 5%, independent of sex.
Litters were standardized according to 4 birth weight classes: class 1 (> 1.10 kg to ≤ 1.33 kg), class 2 (> 1.34 kg to ≤ 1.46 kg), class 3 (> 1.47 kg to ≤ 1.57 kg), and class 4 (> 1.58 kg to ≤ 1.88 kg). When piglets were 21 d old, regardless of the weaning date, they were weighed to determine BW (weaning weight) and to calculate daily and total weight gain and weight gain relative to birth weight. After cross-fostering, piglets were subjected to tooth-clipping and tail-docking. Males were surgically castrated at 5 d of age.
Statistical Analysis
A completely randomized experimental design was used with 4 treatments (litter weight class) and 11 replicates (female or litter). Piglets were grouped into litters based on birth weight, independent of parent origin, and litters were randomly assigned to sows. Data were tested for normality with the Shapiro-Wilk test and then analyzed by ANOVA with Tukey's multiple comparisons at the 5% probability level (SAS Inst. Inc., Cary, NC). The correlations between birth weight and weaning weight and between birth weight and weight gain were determined by the Pearson method (n = 482).
The average weaning weight (BW at 21 d of age) of the 6 heaviest and 6 lightest piglets within each weight class was calculated to compare piglet ADG within litters. One or 2 piglets may have been included as both a heaviest and a lightest piglet because of the paired and unpaired number of piglets per litter. These data were analyzed according to a completely randomized experimental design with 2 treatments (heavy and light 21-d old piglets) and 11 replicates of 6 piglets within each weight class. Data were subjected to ANOVA, and means were compared by the Tukey test at a 5% probability level using the SAS.
RESULTS
Piglet growth performance between birth and 21 d of age, as well as gilt or sow information, are presented in Tables 1 and 2 , respectively. During the experimental period, only 2 piglets died, 1 from class 2 (> 1.34 kg to ≤ 1.46 kg) and 1 from class 3 (> 1.47 kg to ≤ 1.57 kg), both due to crushing by the dam.
Average weaning weight (21 d of age) of piglets from the heaviest birth weight class was 5.67 kg, which was greater (P < 0.05) than that of the lightest class (5.06 kg), although the ADG was similar. The lightest birth weight class gained more weight (P < 0.05) relative to their birth weight than the heaviest birth weight class, with ADG of 144 g•kg-1 and 111 g•kg-1, respectively.
Birth weight and weaning weight, growth performance characteristics measured during the suckling phase (n = 482 piglets), were positively correlated (r = 0.18; P < 0.01; Figure 1 ). Figure 1 shows that 25% of the piglets weighed less than 4.7 kg, and 25% of the piglets weighed more than 5.9 kg at d 21. However, there was no correlation between birth weight and ADG during the suckling phase (r = -0.04; P = 0.37).
Initial gilt or sow traits (Table 2) , including BW when transferred to the farrowing unit, the average number of piglets born alive, and the average piglet weight in the original litter before standardization, were not different. Additionally, the weight difference among litter weight classes during the suckling period did not influence sow feed intake or weight loss percentage during lactation.
When piglets were 21 d old, the lightest were compared with the heaviest within the same litter (Table 3) to establish the pattern of weight gain in each weight class. Piglet weight gain differed within litters (P < 0.05), i.e., the lightest 21d old piglets gained less weight than the heaviest piglets. However, weight gain was not different for either the lightest or heaviest 21d old piglets when compared among different birth weight classes.
DISCUSSION
The relationship between birth weight and weaning weight observed in the present study is consistent with the findings of previous studies (Wolter and Ellis 2001; Gondret et al., 2006; Fix et al., 2010) , which also reported that piglets with heavier birth weight are heavier at weaning. However, in contrast to our findings, Gondret et al. (2006) observed that heavy piglets at birth gained more weight than those born with lower BW. According to Fix et al. (2010) , the greater final BW and faster weight gain of heavier piglets result from their greater number of muscle fibers and their dominance when competing for the most productive teats.
During the first day after birth, piglets aggressively fight to establish ownership of 1 specific teat; however, this competition does not seem to be strongly influenced by piglet birth weight (Fraser and Morley Jones, 1975) . Moreover, heavier piglets tend to gain more weight than the smaller piglets in the litter, possibly because the heavier piglets stimulate and drain the teats more efficiently, taking up a larger fraction of the nutrients and hormones used for milk production (Fraser, 1990) .
However, when litters are standardized by weight, all piglets have similar weight, removing the competitive advantage of heavier piglets for the most productive teats. In the present study, when the effect of the withinlitter differences in piglet birth weight was removed by standardizing litter weight, birth weight did not influence weight gain during the suckling period, i.e., litters with heavier piglets did not have greater ADG compared to those with lighter piglets.
A possible limiting factor of litter performance, independent of weight class, may have been milk production. Boyd et al. (1995) observed that sow milk production supplied only 50% of the requirements of litters with 10 piglets at 21 d of age and determined that a sow needed to produce 18 to 20 kg of milk•d-1 to feed them. Harrell et al. (1993) observed that the average biological growth capacity between birth and 21 d of age of piglets with high genetic potential is at least 450 g•d-1 with artificial feeding. In our conditions, the ADG of all classes were 184 g•d-1. In response to greater suckling intensity, total milk production increases as litter size increases, but there is a decreased milk production per suckling piglet. However, the milk production capacity has great 2 Gilt average BW when transferred to the farrowing unit.
3 Average original number of born alive (BA) piglets. 4 Average piglet birth weight in the original litter before (OBW) cross fostering.
5 ADFI of sows.
6 Sow weight loss (WL) during lactation.
increase in early lactation, but later it is less influenced by the number of suckling piglets (Auldist et al., 1998) . Another important consideration is that the voluntary feed intake of lactating sows usually is not sufficient to supply their nutritional requirements for maintenance, milk production, and body growth (Noblet et al., 1990) . Milk production is a biological priority, and under low nutrient intake, females mobilize body tissues to attempt to maintain milk production (NRC, 1987) . It must be noted that sows evaluated in this experiment produce less milk than mature sows according to Speer and Cox (1984) .
Sow performance in the present study showed that there was no difference in feed intake and that sows with different litter weight classes suffered similar weight loss. This result may have occurred because peak milk production was achieved, and therefore, the milk production of the sows rearing heavier piglets was not influenced by the theoretically more intense stimulus of the mammary gland that might occur when there is indirect competition among piglets in the litter.
When piglets were 21 d old, the weight gains of the heaviest and lightest piglets within each litter were compared within each birth weight class. The ADG differed between light and heavy piglets within the same litter for all birth weight classes, resulting in a high CV. However, ADG was not different when the heaviest or lightest piglets were compared according to birth weight class. This finding indicates that milk production was limiting and may have varied among teats. Kim et al. (2000) studied piglet growth during a 21-d lactation period of first-farrowing sows and verified that piglets that suckled anterior and intermediate teats gained more weight than those suckling the posterior teats. However, the authors did not observe any influence of birth weight on teat choice.
According to Fraser et al. (1979) , the difference in milk yield among mammary glands may be the largest source of variation in piglet weight. Kim et al. (2000) observed that the first 5 pairs of mammary glands are superior to the remaining glands in parenchymal mass and composition. Additionally, pig-lets suckling well-developed anterior and middle glands gained more weight than those 2 Weaning weight of the 6 lightest piglets of a litter (WWL).
3 Weaning weight of the 6 heaviest piglets of a litter (WWH).
4 P-value for WWL vs. WWH.
5 ADG of the 6 lightest piglets of a litter (ADGL).
6 ADG of the 6 heaviest piglets of a litter (ADGH).
7 P-value for ADGL vs. ADGH. suckling the other glands. English et al. (1977) found that during lactation, the heaviest or dominant piglets in a litter usually suckled at the most productive teats.
Differences among individuals in the same litter tend to be more evident when they need to compete for resources, such as food and space. Lynch et al. (2006) attributed 20 to 30% of losses in pig growth potential from birth to market to limitations of commercial production systems. These losses are associated with lower feed intake as a result of intake-limiting conditions, including environmental, nutritional, and health factors, as well as the number of pigs per group and the area per pig. These factors not only limit growth but also increase weight variation within groups.
In summary, piglet birth weight did not influence weight gain when piglets were reared by sows in litters with standardized birth weight. This finding indicates that special attention should be given to litters, in which piglets display a wide range of birth weights, as the lighter piglets may be subjected to milk restriction due to competition with heavier piglets. The information obtained in the present study demonstrates the need for further studies on the impact of feeding restrictions during the suckling period on the subsequent performance of piglets of different BW.
